SPECIFICATION 

TITLE OF THE INVENTION 

INJECTION MOLDING MACHINE FOR LOW-MELTING POINT METALLIC 
MATERIAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an injection molding machine used in the 
case of melting low-melting point nonferrous metals such as zinc, magnesium, 
or an alloy consisting thereof completely to perform injection molding under the 
condition of a liquid phase. 

2. Detailed Description of the Prior Art 

Die casting have been used for a minting of the low-melting point 
nonferrous metal, however, a melt furnace for melting a metallic material 
completely is required in die-casting, and it have been performed by dipping out 
a molten metal from this melt furnace or extruding by using a plunger 
Accordingly, without using a melting furnace in the same manner as the case of 
plastic material, it have been performed to inject and fill into a mold from a 
nozzle on a tip of the heating cylinder by advancing of the screw, after melting in 
a heating cylinder which a screw for injection is provided rotatably and movably 
in the axial direction to melt the powdered metallic material applied from the 
rear of the heating cylinder completely while transferring toward the front of the 
heating cylinder by rotation of the screw and to store in an antechamber of the 
heating chamber under the condition of the liquid phase and to weigh. 
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Problems in the case of adopting such injection molding for the metallic 
material are caused by difficulty in melting and transferring of the metallic 
material by rotation of the screw and unstableness in weighing. 

Since most of melting in the plastic material are caused by generation of 
5 heat by shear, the screw is formed in a large diameter as it comes to a tip 
portion and a screw groove providing a flowing clearance for the material is 
formed relatively shallowly. However, since there is a difference in a frictional 
factor in a boundary surface of an inner wall of the heating cylinder in a molten 
plastic, transferring toward the front by rotation of the screw can be performed 
10 smoothly, even though the flowing clearance is formed narrowly. 

In contrast to this, since the metallic material melted up to the condition of 
the liquid phase completely is small in a viscosity to the extent not to be 
compared with the plastic material, the difference in the frictional factor at the 
two boundary surfaces described above is practically nothing, and a transferring 
15 force by rotation of the screw such as the case of the molten plastic is hard to 
cause due to this reason. 

Moreover, in the plastic material, it becomes high viscosity due to melting, 
and since a pressure caused by material which pushes back the screw to the 
rear is occurred as a reaction force, as being stored in the antechamber of a 
20 melting cylinder by revolution of the screw, weighing of the molten material can 
be controlled into a constant amount each time by controlling this retracting of 
the screw due to pressure caused by material, however, since a rise in pressure 
up to such extent that the screw is pushed back to the rear is not caused in the 
liquid phase that the metallic material is in low viscosity, retracting of the screw 
25 due to the pressure caused by material is hard to occur, and an amount to be 
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stored into the antechamber also is varied, whereby weighing can not be 
controlled into a constant amount each time. 

Moreover, the heating cylinder is heated by a band heater of the outer 
peripheral to maintain a predetermined temperature, however, since there is no 
5 heating means in the screw side, and it is in the condition easy to radiate heat 
from a rear end which a piston rod is coupled, nonuniformity in temperature is 
easy to occur in the molten metal within the screw groove, and it leads to an 
excessive supply of material to keep the screw revolving in order to prevent this, 
since the screw itself is combined with a material-transferring member through 
10 the revolution, therefore, it has been impossible. 

SUMMARY OF THE INVENTION 

The present invention is devised for solving the described-above problems 
in the case of injection-molding the metallic material in a molten condition, and 

15 the object of the invention is to provide an injection molding machine for a new 
low-melting point metal in which melting and transfer, and nonuniformity in 
temperature or the like in the metallic material have been solved by melting the 
metallic material by external heat in the melting cylinder, as well as by 
combining a separately movable injection member with an agitating member 

20 and to provided in the melting cylinder. 

The present invention for accomplishing the described-above object is an 
injection molding machine for low-melting point metallic material in which an 
injection molding machine is constituted by a melting cylinder having a weighing 
chamber with a required length communicating with a nozzle member within a 

25 tip portion and having a supply port on an upper side of an intermediate portion; 
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agitating and injection means provided in the inside thereof so as to rotate or, 
advance or retreat freely; a device driving those means, which is arranged on 
an rear-end side of the melting cylinder, and the injection mechanism is 
provided obliquely in a manner that a nozzle member side is directed in a 
downward direction to a mold-clamping mechanism such that a molten metal in 
the inside flows down by self-weight and to be stored in a tip portion of the 
melting cylinder, wherein the described-above agitating and injection means is 
constituted by an agitating member in which agitating wings having a plurality of 
sthpes with an external diameter approximately equal to an inner diameter of 
the melting cylinder are formed intermittently on an outer periphery of a tip 
portion of a hollow shaft portion having a through-hole at the central position 
and an injection plunger attached unitarily to a tip of an injection rod inserted 
into the described-above through-hole and provided slidably freely on a central 
position of the agitating member and provided on the tip of the agitating 
member so as to insert into the described-above weighing chamber freely. 

Moreover, the described-above injection rod of the present invention has 
the screw shutting off a molten metal intruded into a clearance between the 
hollow shaft portion on the intermediate region, and the described-above 
injection plunger is provided with a high-temperature resistant sealing ring on 
the outer periphery of the tip portion and has a flowing port through a fitting 
groove of the sealing ring and the tip of the conical plunger in the inside. 

A driving device for the described-above injection plunger of the present 
invention is constituted by providing a nozzle touch device constituted by a 
hydraulic cylinder unitarily coupled by a tie-bar, spacing a required interval on 
the rear-end side of the described-above melting cylinder, and provided in a 


downward direction on the frame by inserting supporting legs which both of 
them are projected and arranged toward the lower side into a pair of support 
shafts of an inclined upper surface of a frame installed on a pedestal on a base 
and constituted by the hydraulic cylinder and the rod across the hydraulic 
cylinder side and the upper of the tip portion of the described-above pedestal. 

Moreover, a driving device for the described-above agitating member is 
constituted by an electric motor provided on the side of the supporting leg of the 
melting cylinder so as to move together with the described-above melting 
cylinder 

The described-above pedestal of the present invention is constituted by 
the nozzle touch device provided on the upper surface of the base so as to 
rotate or, advance or retreat freely to the described-above mold-clamping 
mechanism, and having a nozzle touch block on the tip, as well as provided by 
placing the described-above frame on the pedestal provided on the rear so as 
to swivel freely and constituted by the rod and the hydraulic cylinder 
nozzle-touching the nozzle member attached to the front of the nozzle touch 
block to moldings by moving the pedestal to the mold-clamping mechanism 
together with the frame and the deschbed-above injection mechanism across 
the nozzle touch block and the rear of the upper surface of the base. 

The described-above nozzle touch block of the present invention is 
constituted by providing the nozzle member on the front faced on the 
described-above mold-clamping mechanism, as well as in the upper of the inner 
side, communicating a gate for nozzle-touching formed on an inclined rear 
surface with which the nozzle member of the described-above injection 
mechanism touches on the nozzle member of the front surface and provided on 


the inclined rear surface through a hot runner bent formed within the block. 


BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the present invention will 
become clear from the following description with reference to the accompanying 
drawings. 

Fig. 1 is a schematically illustrated longitudinal sectional view of an injection 
molding machine for low-melting point metallic material according to the present 
invention. 

Fig. 2 is a side elevation of the injection molding machine in Fig.1, the side 
elevation being partially broken away longitudinally. 
Fig. 3 is an end view of a front of an injection cylinder. 

Fig. 4 is an end view of an agitating member, the end view being broken 
away longitudinally. 

Fig. 5 is a front end view (A) and a side elevation (B) of an injection plunger 
of other embodiment, the side elevation being broken away longitudinally. 

Fig. 6 is a side elevation of a front portion of a melting cylinder showing an 
injection molding process of a molten metal in order, the side elevation being 
broken away longitudinally. 


DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the drawings, a re-^rence numeral 1 is an injection mechanism and a 
reference numeral 2 is a^old-clamping mechanism, and are both arranged on 
an upper surface of a ^se 3. A reference numeral 4 is a pedestal 4 which is 
arranged so as to rg/tate or, advance or retreat freely to the mold-clamping 


mechanism 2, and a frame 5 constituted by a pair of plate bodies 51 and 51 

which the upper surfac^e is oblique is provided on the rear portion so as to 

/ 

swivel freely, and th^ described-above injection mechanism 1 is provided 
obliquely on the frame 5 in a manner that a nozzle side is directed in a 
downward direction to the mold-clamping mechanism 2. 

The described-above injection mechanism 1 is constituted by a melting 
cylinder 11, agitating and inj^ection means in the inside, which will be described 

hereinafter, an injection cyli)/ider 12 provided spacing an interval on the rear-end 

/ 

side of the melting cylinder 11, an electric motor 14 for agitating attached to a 
bifurcated-shape supporting leg 13 arranged an under side of a rear end of the 
melting cylinder 11, and a feeing device 15 applying the powdered low-melting 
point metallic material consisting of nonferrous metals into the melting cylinder. 
The feeing device 15 1^ constituted by a horizontal cylinder 15a and a screw 
shaft 15c in the inside /hereof which is rotated by an electric motor 15b provided 
the end of the cylinder. Although being omitted in the drawings, it is 
constituted by a stc(jcture capable of attaching a heater for preheating the 
material to a surroi^ding of the cylinder as required. 

The described-above melting cylinder 11 is provided with a nozzle member 
10 on the tip, and provided with a band heater 16 on the outer periphery. The 
inside of the tip portion of the melting cylinder 11 communicating with a nozzle 
port of the described-above nozzle member 10 is formed as a weighing 
chamber 17 with a required length, which is reduced to a smaller diameter than 
an inner diameter of the melting cylinder In the illustrated example, the inside 
the rear of the nozzle member 10 attached to the tip of the melting cylinder by a 
tip member 18 is reduced to a smaller diameter than the inner diameter of the 


melting cylinder, and the inside of the rear is formed as the weighing chamber 
17 communicating with the inside of the melting cylinder, however, it may be the 
structure that the inner diameter of the tip member 18 is reduced in diameter to 
form as the weighing chamber 17 and to attach a nozzle tip to the tip member 
18, if required. 

A supply port 19 is arranged on an upper side of an intermediate portion of 

such melting cylinder, a/id the described-above feeing device 15 for the metallic 

/ 

/ 

material is connected; to the supply port 19 through a pipe passage 20. 
Moreover, a rear end /bf the melting cylinder 11 is in the opened condition, and 
an agitating member 21 and an injection member 22 for the molten metal 
constituting the described-above agitating and injection means are arranged in 
the inside from th^ rear end to the inside. 

The described-abov^' agitating member 21 is constituted by a revolution 
shaft that agitating wingj^ 24 and 24 with a plurality of stripes are formed 
intermittently so as to swivel freely on an outer periphery of a tip portion of a 
hollow shaft portion 23 hiaving a through-hole at the central position as shown in 
Fig. 4. These agititing wings 24 and 24 have an external diameter 
approximately equal tqi an inner diameter of the melting cylinder 11. Moreover, 
a flange 25 for a partition which a sealing ring closed proximity to an inner 
peripheral surface <if the melting cylinder 11 is fitted to a the outer periphery is 
formed unitanly op a penphery of the shaft portion in the rear than the agitating 
wing 24 of the hallow shaft portion 23. 

Moreover, a^ulley 26 is fixed on the end of the deschbed-above hollow 
shaft portion 23yrojecting from an opening end of the melting cylinder 11, and a 
timing belt 28 \$ looped over this pulley 26 and a pulley 27 of a driving shaft end 
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of the described-above electric motor 14, and the agitating member 21 is 
revolved by the electric motor 14 in the melting cylinder, and the molten metal 
can be agitated by the described-above agitating wings 24 and 24. 

The described-aj^ove injection member 22 is constituted by an injection 

rod 29 inserted into ^'through-hole of the described-above hollow shaft portion 

/ 

23 and to be provjded slidably freely on a central position of the agitating 
member 21 and ar^ injection plunger 30 attached to the tip and to fit to the 
described-above w^eighing chamber 17 from the front suri^ace of the agitating 
member 21, and /a screw 29a shutting off a molten metal intruded into a 
clearance betwe/^n the hollow shaft portion 23 on intermediate region of the 
injection rod 29/is formed. 

The described-above injection plunger 30 has an external diameter 
capable of inserting into the described-above weighing chamber 17 with a 
clearance for sliding, and the outer periphery of the tip portion is provided with 
the sealing ring for preventing a reverse flow of a molten resin from the 
clearance at injection. This sealing ring is a high-temperature resistant piston 
ring itself, made of special steel or the like. 

The injection plunger 30 shown in Fig. 5 shows other embodiment 
constituted by the structure that a flowing port 33 through an annular groove 32 
for fitting, for the sealing ring 31 cut out and provided on the outer periphery 
side and the tip of the conical plunger is provided, and the annular groove 32 is 
communicated with the weighing chamber by the flowing port 33. 

In such injection plunger 30, a pressure by resin pressurized with the tip of 
the plunger at injection by advancing and to be caused acts on the sealing ring 
31 loosely fitted from the flowing port 33 to the annular groove 32 and to 


pressurize outwardly. According to this operation, the sealing ring 31 is 
extended to be pressed against the inner peripheral surface of the weighing 
chamber 17, whereby the reverse flow of the molten metal from the clearance 
for sliding can be prevented. 

Moreover, the sealing ring 31 extended by a negative pressure caused 
due to a retreating movement within the weighing chamber of the injection 
plunger 30 at retreating the injection plunger 30 is reduced to an initial condition 
to cause the clearance again, as well as the molten metal stored by an 
aspirating action due to the negative pressure comes to flow into the weighing 
chamber 17 being extended from before reaching a retracting limitation of the 
plunger. According to this operation, the large negative pressure to the extent 
of making a forced retracting of the injection plunger 30 difficult can not be 
generated even in the case of type that the injection plunger 30 is retracted 
within the inside of the weighing chamber in an airtight condition, whereby the 
injection plunger 30 can be retracted smoothly. 

The described-above injection cylinder 12 has integrally the same 
bifurcated-shape supporting leg 34 as the supporting leg 13 of the under side of 
the melting cylinder on the under side of the front end of the cylinder and is 
provided with the electric motor 35 for revolving the injection rod on the rear end. 
This injection cylinder 12 is unitarily coupled by a tie-bar 36 arranged on both 
sides spacing an interval to the described-above melting cylinder 11, moreover, 
a piston 37 is coupled the rear end of the described-above injection rod 29 
projected from the rear end of the described-above hollow shaft portion 23, 
whereby the injection rod 29 is moved in the advancing and/or retreating 
directions together with the injection plunger 30. 
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Moreover, the piston 37 is unitarily coupled only in the direction of the 
revolution through a driving shaft 38 of the electric motor 35 in the rear and an 
angular shaft or spline shaft 39 or the like and to revolve the described-above 
injection rod 29 by the electhc motor 35 through the piston 37, whereby the 
molten metal intruded into the clearance of the surroundings of the rod can be 
fed frontward. 

Such injection cylindef 12 and the described-above melting cylinder 11 are 

the ends of the described-above supporting legs 13 and 34 projected to both 

/ 

sides of the respective Lnder side and arranged are inserted into support shafts 
40 and 40 arranged s^e by side on both sides of an oblique-upper surface of 
the deschbed-above jframe 5, and are attached in a manner that the nozzle 
member 10 is placec|/on the lower side and is directed in a downward direction, 
thereby the descrik^d-above injection mechanism 1 installed obliquely to the 
described-above n^old-clamping mechanism 2 to be constituted. 

Moreover, on both sides of the injection mechanism 1, the tip of the rod 43 
is attached so as to swivel freely to a bearing member 46 of both sides of an 
upstanding-nozzle touch block 45 arranged on a central position of the tip of a 
pedestal 4, while the hydraulic cylinder 42 is put on across the rear end of the 
melting cylinder and the front end of the injection cylinder, and the rear end of 
the cylinder is attached to the injection cylinder so as to pivot freely, thereby a 
nozzle touch device 44 constituted by the hydraulic cylinder 42 and a rod 43 
with a long shaft to be provided. 

Moreover, the described-above nozzle touch device 44 also functions as a 
retraction device on the occasion of a repair and maintenance of the injection 
mechanism 2. 
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In the frame 5 constituted by the described-above pair of plate bodies 51 

and 51, a support shaft 40 is attached to the inside of a plate body which an 

/ 

upper surface is formed/on an surface inclined in an inward direction with an 
\ / 
\ angle of approximately ^5° with members 41 and 41 at both sides. This frame 

5 5 is placed and arranj^ied on a gate-type receiving seat 6 arranged on the rear 
end of the describec/above pedestal 4 so as to swivel freely (not shown), and 
the nozzle touch device 48 of the nozzle member 47 provided horizontally on 
the front surface of the nozzle touch block 45 with member 52 across from a 
central position of the inside of the receiving seat 6 to the described-above 
10 nozzle touch blo/;k 45 is arranged. 

Moreover/ the nozzle touch block 45 and the nozzle member 47 are 
maintained at a set temperature by a heating device (not shown) provided on 
the outside. 

A hydraulic cylind^49 of this nozzle touch device 48 is fixed to a receiving 
15 member 50 of a centyal position within the pedestal 6 installed on the base 3, 
moreover, a rod member 51 coupled with a piston rod (not shown) in the inside 

the tip is coupled/with the described-above nozzle touch block 45, and the 

/ 

/ 

pedestal 4 is moyed in the advancing and/or retreating directions together with 

the injection mechanism 1 of the upper surface of the frame 5 by a movement of 

/ 

20 the advancing ^^nd/or retreating directions of the rod member 51, whereby a 
touch of the ^ozzle can be performed to a molding 7 of the described-above 
nozzle member 47. 

The upper of^the inside of the described-above nozzle touch block 45 is 
formed on an inclined rear surface positioning at the right angle to the nozzle 
member 10 of ^he deschbed-above injection mechanism 1. and a gate for 
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nozzle-touching opened and arranged on inclined rear surface. Moreover, a 
hot runner 53 communicating the described-above nozzle member 47 with the 
nozzle member|10 of the injection mechanism 2 is bent and formed on the 
inside of the n0zzle touch block, whereby nozzle-touching can be performed 
without a clearance and a leakage of the molten metal at injection and filling can 
be prevented, even though the injection mechanism 1 is installed obliquely on 
the mold-claryiping mechanism 3. 

In the described-above constitution, the melting cylinder 11 is isolated from 
the injection cylinder 12 and are unified by a tie-bar and both of them are 
installed on the upper surface of the frame 5 in a manner that the respective 
supporting leg 13 and 34 are inserted into the support shaft 40, whereby 
elongation due to thermal expansion becomes easy to be absorbed each other , 
so that a load due to thermal expansion is reduced even though the melting 
cylinder 11 is heated to high temperatures. Moreover, the injection cylinder 12 
is provided in a manner to isolate the melting cylinder 11, whereby heating of an 
operating fluid due to thermal conduction from the melting cylinder side also can 
be prevented. 

Each drawing in Fig. 6 is a view showing a molding process of a 
low-melting point metal (magnesium). 

First, the inside i^ raised to the high temperature than the melting point 
by heating the melting^cylinder 11 by the band heater 16 of the outer periphery 
to temperature of apf^oximately 620° to 680° . Next, the hollow shaft portion 
23 is made an agi^tated condition by revolving using the described-above 
electric motor 14 vvith at a set speed. When applying the powdered metallic 
material into the, melting cylinder 11 from the supply port 19 with the 



described-above feeing device 15 in such condition, the metallic material is 
fallen into the melt of the molten metal stored in the region of the agitating wings 
24 and 24 being revolving together with the hollow shaft portion 23 immediately 
since the melting cylinder 11 is inclined in a downward direction, whereby it 
5 melts due to heat stored in the molten metal, as well as is mixed into the melt by 
the agitating wings 24 and 24. Therefore, it melts in an extremely short time. 

The molten metal is stored within a front of the melting cylinder 11, when 
the injection plunger 30 is in the advancing position and stays in the weighing 
chamber 17. The amount to be stored may be approximately 10 shots, and 

10 molding can be performed continuously without interference if the material of 
one shot is applied every molding. 

A part of the stored molten metal comes to flow into the weighing chamber 
17 from the clearance of the surroundings, when the injection plunger 30 moves 
is moved in the retreating directions. The movement comes to a stop, when 

15 the injection plunger 30 reaches a retracting limitation. A plurality of flowing 
grooves (not shown) are provided spacing an uniform interval on the 
surroundings of the opening of the weighing chamber 17, and the sealing ring is 
designed to position at a midpoint of these flowing grooves at the retracting 
limitation of the plunger 30, whereby the weighing chamber 17 is communicated 

20 with the inside of the tip of the melting cylinder 11, and the molten metal flows 
into the weighing chamber 17 from the surroundings of the injection plunger 30 
by self-weight (Fig. 6(A)). 

Moreover, when the injection plunger 30 has the structure shown in Fig. 5, 
the described-above flowing groove of the surroundings of the opening can be 

25 omitted since the molten metal from the clearance of the surroundings of the 
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plunger flows into the weighing chamber 17 because of the mentioned-above 
phenomenon. 

At the time when storage of the molten metal to the weighing chamber 17 
is completed, the process is switched to a weighing process, and the injection 
5 plunger 30 is moved in the advancing direction. The molten metal in the 
weighing chamber 17 would be pressurized to be weighed through this 
movement of the advancing direction. Although the molten metal is 
pressurized by the injection plunger 30, whereby a part thereof would flow in 
reverse from the clearance for sliding to flow out from the weighing chamber 17, 

10 the molten resin of the weighing chamber 17 can not be reduced in volume from 
a position which the sealing ring is advanced than the described-above flowing 
groove, since this reverse flow is prevented by the sealing ring of the 
surroundings of the plunger (Fig. 6 (B)). 

Therefore, when this position is set as a position which weighing is 

15 completed to switch a process to an injection and filling process thereafter and 
to move the injection plunger 30 in the advancing direction up to the tip position 
of the weighing chamber 17 shown in Fig. 6(C), the set amount of the molten 
metal can be inject and filled at all time. 

Agitation of the mblten metal by revolution of the described-above 

j 

20 agitating wings 24 and 2f4 can be performed continuously, since the agitating 
member 21 and the injedtion member 22 are constituted separately, also during 
such injecting and filling from weighing. According to this operation, melting 
and keeping warm for/ the molten metal can be stabilized. Melting of the 
metallic material is performed by heating from the outside source, and the 

25 agitating member 21 /has only to prevent nonuniformity in temperature of the 
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metallic material in the melting cylinder molten by heating by revolution, and 
injecting an^ weighing is performed by the agitating member 21 in the central 
( portion, y(rhereby the melting efficiency of the metallic material can be 
performed. 

5 Moreover, since the injection member 22 can not be revolved for the 

purpose of melting of the metallic material, the injection rod is not required to 
make into a large diameter such as the previous screw in consideration of 
revolving torque, and for the agitating member 21 also, a clearance between an 
inner-wall surface of the melting cylinder and an outer surface of the hollow 

10 portion large is formed since melting can not performed by heat generated by 
shear, and the amount to be stored can be increased than the case of using the 
screw, whereby a temperature-maintenance effect also can be improved more 
and more, and injection molding of low-melting point metallic material becomes 
possible with high molding accuracy 

15 While the presently preferred embodiment of the present invention has 

been shown and described, it will be understood that the present invention is 
not limited thereto, and that various changes and modification may be by those 
skied in the art without departing from the scope of the invention as set forth in 
the appended claims. 

20 


25 

16 


